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[pOGijment] Specif icatiori 

CTitle: of the Ijxverition) PRGIXJGTION METKOI) OF 2/6-DIHM.OPyRIME 
Iwhat is diaimed is] 

Cciaijii l] A proctoctioii method of 2, 6-dihalopurine of the 
3 formula [111 




[11] 

wherein ^ and are the same or different and each is a 
halogen atom, which Gorttprises reacting a compound of the 
foriuiila [la] or [lb] 




[Ta] [lb] 
wherein is a halogm atom and E is a h^rdtogen atoia or a<::yl 
group/ with a halosilana cOKiponnd and ah agent for diazo 
reaction. 

|Claim.:2i :The .prodaction method of claim. 1,. wherein the agent 
for dia2;o reaction is a nitrite ester ^ 

Iciaim 3| The production: inethod of claim 2^. wherein the 
nitrite ester is isoamyi nitrite* 

leialm 4 1 The production method of cialm l^. wherein the 
reaction is carried out in the presence of a quarternary 
ai^monium salt.. 

[eiai^ci. ..5| The pro^duction method of claim 4, wherein the 
quartertiary airiiifiohium salt is tetra ethyl aimonium chloride or 
benzyltriethylaTsoiaonii^ chloride . 
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[eiaim 6| The pro^iUGtion iiiathDd of claim 1^ i^herein R is m 
acyi group. 

iGlaim 7] The production method of claim 6, whoreia the acyl 
group for R is acetyl groups 
-5 fciaim 8| The production method of claim 1, %v^hereia the 
halosilane compouiid is chlarotriiaetliYisilme or 
dichlorodiH^ethy Is i lane , 

Iciaim 9| The prodBction method of claim 1, wherein^ after 
introducing an acyl group into the 9-position or the 7-positioii 
of coiapouBd of the forHmla fla] or [Ibl, wherein R is a 
hydrogen atom, the obtained compound of the forxaula [la] or 
EIh]> vjrhereih R is acyl grbup, is reacted with halo si larie 
compound and the ageiit for diazo reaction. 
[Detailed Bescription of the Invention] 
15 Co 001] 

[Techriical Field of the Invention] 

The present inTCnt ion relates to a production method of 
2> e-dihalopurine. More particularly^ the present inyention 
relates to a produGtion method of 2> 6--dihalopiirixie;r which is 
useful as a starting material for a nucleoside analog and the 
like useful as a pharmaceutical prodiact. 

Coo 02] 

[Prior ArtJ 

Co 00 3] 

There are ^aripus prodixction laethods of 2? S-^dihalc^urine 
of the; formula 




[0004J 

wherein X* and are the saxr^ or different and each is halogen 
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atom. Known methods include^ for exaiaple^ (A) a method 
coMprising chlGrinatiGn of xanthine with pyrophosphoryl 
chloride ( Jbixrnal of Mierican Chemical Society/ 78^ 3508-10 
(1356) ) / (B) % m^thdd cpmprlsih^ chlorination of N-oxide of 
hipoxan thine or 6-chloropurine with phosphorus oxy chloride ( JP- 
B-^45-il5G8, US Patent Ho. 3^ 314, 938) / (C) a prodiaction method 
comprising 4 steps using barbi tiiric acid deri'irative as a 
starting material (Joumai of Organic ChemistrY^ 19^ 930 {1954) , 
Jouriial of J^erican Cfaemic^^^^ 80. 404-8 (1958} ), {D) a 

production method conjprisirig cyclization of 2^ 4-'dichloro-5, 6-- 
diaminopYrimidine (IJS Patent Mp. 2,844,576) and the like. 

Cooos] 

Howeiferv the aforenientioned method {A} is associated with 
defecta in that it requires preparation of pyrophosphoryl 
chloride as a chloriiiating agent from phosphorus oxychloride toy 
a compliGated method^ as well as a high reaction temperature of 
165^0;/ the use of a corrosion resistant reaction container for 
the reaction and a long reactiosa time of about 19 hours. The 
aforementioned ■Kiethods (A) - (B) are all defective in that they 
require long steps and coiap lica ted mail ip^^^^^ 
[Q006] 

In addxtion:^ use of a method using a starting material/ 
wherein the 9-position of the purine ring is alkylated^ has 
been .cGnsidared, and the- following reaction was reported in, 
for exa^ijple, J. Chem. Soc, Perkih Trans. 1, 1999, 3469-347S 
[QP07] 




[0008 J 



■3' 



In this reaction^ chiorotrimethylsilaBe and isoamyi nitrxte 
were used in dicklorome thane to gii/e dichloropuririe derixrati'^e 
wherein the 9-posltioii of the purine ring was alkylateair in a 
yield of 61 

Furtheonore:, j; Ghem. Soc Perkln trans, ly 1989^ 2207- 
2213 reports the following reaction 
[OOlO] 




[0011] 

In this reaction^ Isoamyl nitrite was used in carbon 
tetrachloride to give dichlordpiirine derl^ati%re, wherein the 9 
posit ioxi of the purine ring Was alkylated, in a low yield of 
40%, To obtain the objective 2, S-dihaloputina^ wherein the 9™ 
position is unsubatituted^ the alkyl group at the 9-position 
needs to be remowd- However^ there is no known method for 
this endy and conszersion to 2/6-dihalopurine, wherein the 9- 
position is unsutostituted. is difficult. Thus, this method is 
not a preferable one * 
[0012] 

In view of the above^ the de>?elopment of a cohvenient 
production Method to afford the dbjective 2/ e-dihalopurine in 
high yield is desired.* vs^htch allows easy isolation thereof* 
25 [00131 

[Problems to be Solwd by the Invention] 

It .is therefore an obj..ect. of the. present invention to 
provide a jnethod for conveniehtly producing^ the objective 2v 6- 



dihalopurine in. a high yield, which allows easy isolation 
thereof. 

EMeans of Sol'^ing the ProbleEisJ 

As a result of the intensive studies in. an attempt to 
achieve the above-merfct lorded objects it has been founcj th^t, by 
reacting a compound of the formula {la] or [lb] 
[.0015] 




^2^ 




[lb] 



[0016] 

wherein is a balogen atom and R is a hydro<gan atom or acyl 
group (hereinafter both to be abbreviated as compound [I] 
unless particularly specified) with ha los 11 aiie compound and an 
agent for diazo reaction^ 2^ e-^-dihalopurine of the forniuia [11] 
[0017] 




[II] 

[0018] 

wherein x'- and X^-' -are the^ same or different and- each is' a 
halogen atom (hereinafter to: foe abbre-matsd as 2, 6- 
dihalO'purine) ca.n be produced^ .conveniently in a high, yields and 
that the objectiw prioduct can be isolated easily. 
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[0019] 

Accorciixigly/ tiie prese^^t in^^eiition provides the 

(1) R production method of 2^ ^-diiialopurijie^ which coiuprises 
react ing coTtipdiind [I] uith a halosilane qoTfipotmd and an agent 
for diazo reaction • 

(2) The prodiictidn metbod of the abov^--mentioned fl), wherein 

the agent for diazo reaction is a nitrite ester. 

(3) "The production method of the above-mentioned {2), wherein 
the nitrite ester is isoamyl nitrite. 

{4} The prodnction method of the above-mentioned (1) / v?herein 
the j:^eaction is carried out in the presence of a auarteriiary 
ammonimB salt* 

{5} The production method of the abo^^e-mentioned 14) , wherein 
the quarternarv ammoniim salt is tetraethyiajomoniom chloride or 

bensyl triethylarcimonium:. chloride . 

(6) The production method of the above--mentioned ID / wherein R 
is an acyi groups 

{?) The prodtict ion method of the abo\^e (6) , wherein 

the acyl group for R is acetyl group. 

(B) The production method of the above --lu^ntioned (X) , wherein 
the haloallane convpound is chlorotrimethylsilana or 

di ch Id rodime thy 1 s 1 1 ane . 

(9) The produGt ion method of the abov^e-mentioned (1) , wherein^ 
after introduGing an acyl group into the 9-position or the 7- 
position of compound [I] , tvterein R is a hydrogen atom^ the 
obtained compound [I], wherein R is acyl group/ is reacted with 
halosilane compound aixd the agent for diazo reaction » 

[00201 

:[Mode of Embodiment of: the Invention] 
The .2,^6-dihalopurine of the present inventicm. encoiripassea 
tautomer* 
COO21I 
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The -^aeyl group*' for R is a group represented by 
-*C (^0) "-R^ therein K' laaans, for exajnple, a hydrocarbon groiip. 
The liydrocarbori group iBcliidas litieary branched chain or cyclic 
oneSf which xuav ba aliphatiG or aromatic. Pre:ferable acyl 
^ groujs includes alkyicarbonyl group having 2 to 6 carbon atoEta 
Ce.g. , acetyl group^ propioriyl groiip> butanoyl groi^ and the 
like) , benzoyl group aiid the lik^* FroKi the aspect of 
improvement in reactivity and economical aspect ^ acetyl group 
is particularly preferable.* Siiice the acetyl group can be' 
characteristically released easily by hydrolysis, compound [I]^ 
wherein R is acetyl groupi. can be easily coriuerted to 2, 6- 
dihalopur ixie , 
[0022:1 

The '^halogen <itom'^ for x' and is fluoriixe atom^ 
chlorine atom^ bromine atom or iodine atom^ and and X"^ imy 
be the ..same or different, halo-gen. atoxa:*.. 
[Q0231 

The present invention Is explained ±^ detail in the 
following* 

20 By a method comprising step for reacting cpii^pound [IT 

v^ith halQsilane compound and an agent for diazo reaction^ 2, 6- 
dihalopurine can foe produced eonvenieritly in a high yields and 
the obtained 2, 6-dihaiopurine can be easily Isolated. This 
.reaction, in the presence of a phase transfer catalyst siich as 

2.5 <5txarternary aimonium salt praferabiy accelerates the reacton 
rate, in addition, the R in compound [I] is preferably an acyl 
group^ particularly preferably an acetyl group from the 
reactivifey and reieasablllty. 
|0Q24| 

In the bales i lane compQund to be used In the preseht 
invention, at least one halogen atom: is bonded to silicon atom, 
or.- a.l:kyi: group may be bonded besides the halogen .atom, 
Examples thereof include triaikyihalosilahe, 
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dialkyldihalosilane^ mDnoal'kyitrihalQsilane aad tetrahalosilane . 
The aikyl group here is a linear or branched chain sikyl group 
having 1 to Af prefer ably 1 or 2, carbon atoms, such as methyl, 
ethyls propyl/ isopropyl^ butyls i^ofeutyl;. see-butyl^r tert^- 
^ butyl and the like* The halogen atom here incliides fluorine 
atom? chlorine atorn^, bromine atom ahd iodine atom. 
[0025] 

Specif ic e^camples of the haXosil ane compound include 
ehlo r o t r ime t hy Is i i ane , di chio r o dimet hy i s i 1 ane r 
trichlaromethylsilane^ tetrachlorosilane and the like. 
Preferred are chlorptrimethyls liana and dichiomdimethylsi lane . 
The hiai OB i lane compound can be also used as a reaction solvent* 
The amount of use thereof is 1,5 - 30 mol;, preferably 8 - 20 
mol, per 1 mol of coiJlponnd [IJ . It is needless to say^ when an 
organic solvent other than halosilane GOMpound is used as a 
reaction solvent/ the aJiiount of halosiiane cQx^ipound to be used 
can be reduced from the ahove'-mentioned range > The amount of 
haipsilane cpmpound to be used is 1 - 10 mol^ preferably 1.5 - 
6 mol^r per 1 Jfiol of coxnpound [XI . 

As the agent for dia20 reaction in the present invention^ 
far eKamsle, nitrite ester^ nitrosyl chloride ^ nitrosyl sulfate^ 
nitrogen oxide^ nitrite salt (e^g.^ sodium nitrite> potassiuin. 
nitrite and. the like) and the like can be used^ with preference 
given to nitrite eater . As the nitrite ester > for eKampie/ Ci^^. 
alkyl nitrite {e.g., methyl nitrite, ethyl nitrite/ propyl 
nitrite, isobutyl nitrite, tert--foutyl nitrite, isoamyl nitrite 
and the like) and the like. Of these^ isoaitiyl nitrite is 
preferable. The amount of the agent for diaso reaction to be 
used is i - 3 moly preferably 1.1 - 1.5 mol, per 1 xnol of 
compourM .[.I. J. . 
[0027] 

The **quarternary aHimonium^ ^alt" in the present invention 
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is not particiilariy limltBd^ and, for exaxapie, 
t etraet liy 1 :ajiimoB±tm. chl oT±d&^ ben s y i t r i ethyl airnnon i. uiti •■ chlor ide.^. 
trioctyimethYlaiMaoni^Ha chloride^ toenzyltriirietliylaimonl^sm 
chloride and the iik^ eati be ns^d^ with preference given to 
tetraetliylammonium chloride and bahzyltrieUiylaiimtdxiiu^ chioride- 
1?hen a giiartiermry ammonium salt is iisedr the iis;e of a catalyst 
aiiaonnt of, for eKample^ 0*01 - 1 itioi, preferably 0.G5 - 0*1 mol^ 
per i raol ^of compound [II is suf ficiant... 
[GD283 

The reaction of the present invention can be carried out 
in an organic solvent/ and the organic splyent to be tised is 
not particularly limited* From the aspects of reaction rate 
and suppression of by--^produ^^ the hydrocarbon solvents such as 
hexane^ he|3tane and the like, or halo^enated solvents such as 
monoGhlorobenzene, dichlorobenzene and the like are preferable* 
The amourtt of the organic solvent to be used Is- 1 - 10^0 mi, 
preferably 2 ~ ID ml^ per 1 g of compound [I] * 
[00291 

The xeaction of coTripoiind [I] with halosilane compound and 
an agent for diaso reaction complete^ at generally 0 - SD^C/ 
preferably 20 SO<^C^ tor generally 5 - 2G hr* 
[O030] 

Wh:en B is acyl groups 2^ 6-dihalopiirine can be obtained by 
adjusting the pH .of', the ^reaction mixture to 2 5^ preferably 4 
" Sy after the completion of the reaction* As a method for 
adjusting the pE of the react ion mixture^ for example, a Method 
cdmprlaing addition of an aqueous alkali solution (e.g*^ 
aqueous sodium hydroxide solution etc , ) to the reactloh mixture^ 
a laethod coinprising addition of an aqueous alkali aolution to 
the reaction mixture and addition of an aqueous acidic solution 
(e.g*^ hydrochloric acid etc*) and the like can be mentioned* 
[Q031] 

The obtained 2^6^dihalopurine caii be isolated and 
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purified by a Gonventional mathoci. For exairple^ the Gbtained 
reaction mixture is cooled, and the precipitated crystals are 
collected by filtration: and dried* the collected crystals are 
cashed ox recryatallized to give crystals hav"ing a liigh^r 
^ pnrity, 
[00321 

TKe coiiipound |I1 as the starting material can be obtained 
by the following iriethod- First, the compouBd [I] wherein R is 
hydrogen atoin is coKmiercxally available and a commercially 
available one can be used for the reaction> It is needless to 
say that one produced by a >mown method fe.g. ^ EP543^.09S etc ) 
can be ijtsed , 

MeKt^ the Gomponnd [I] wherein E is acyl group can be 
obtained by^ for exaBple^ introducing an acyl group into the 7- 
position or Supposition of compound [I]^ wherein R is hydrogen 
atOTti/ according to a conventional method* Jui acyl group can be 
generally introduced in the same manner as the prdtectioii of 
aiaind group With acyl groups For exaraple, Gos^oimd |il wherein 
R is hydrogen atom is reacted with R- -C {=0) QH wherein is a 
hydrocarbpn group defined abover or a re^otixre derivative 
thereof ^eig.^ ester, acid haiide/ acid anhydride etc.) to give 
Gompound [I] wherein^ R is acyl group... 
[00341 

When acid halide is usad^ a base is preferably co-used 
from the aspect of improved reactivity and economical aspect. 
Examples of the base include organic base (evg-^ trie thyl amine 
and the like)/ and indrg^hic base (e,g>/ carbonatejr 
hydrogBncarbonate and the like) . The atc^ount of the base, to be 
used is 1 3 mol^ preferably 111 - 2 mol^ per 1 mol 6f 
coTCipound 11] wherein R: is hydrogen atom- 
[0035] 

The amount of -^€ (===0) OH a reactive derivative thereof 



to be ■Qsed is genarally 1 3 laol;. preferably 1,1 - 2- ..xnpl/- per 
1 luoi of coiopound [I] wherein R is hydrogen atom. 
Co 036] 

The acyi group can be introduced without a solvent or in 
^ an organic solvent^ and the introduction without a solvent is 
economical and conveniqnt because the spii^rerit does not need to 
be evaporated. When it is iritroduceci iii an organic solvents as 
the orgaBlG solv^ent^ the same solvent as the organic solv^ent 
used for the abo^e-iaentioned reaction of coinpound [I] with 
halosilane compound and an agent for diaso reaction can foe used. 
Other than that/ N/H-dimethylacetamidej. tetrahydrofuran;. ethyl 
acetate and the like can be used* Frora the aspect of 
reactivity, the use of H/N-dimethyiacetamide is preferable. 
The use of the same solvent as the orgajiic solTrent used for the 
aboxfe ^mentioned raaetion of cDn?pound [Ij with halosilane 
compound and an agent for diaso reaction is preferable^ because 
the solvent does not need to be evaporated and^ coiapound [I] 
can be reacted with halosiiane compoiind and an agent for dla^^o 
reaction in one pot without isdiation* When the reaction IvS 
carried out in an organic solvent, the amount pf the organiG 
solvent to be u^ed is 1 - 20 pa;rts by weighty preferably 2 ^ 5 
parts by weight, per 1 part by weight of coiapound [I J wherein R 
is hydrogen atom. 
[0037] 

■^5: While the. introduction of acyl gro'iap varies depending on 

the reaction conditions and the like,, it is completed at 
generally 1 - lOO^C^ preferably 40 - 60^C, for generally 1 hr 
10 hr, preferably 3 hr - 6 hr* 
[00381 

SQ The. obtained 2> 6--dihalopnrine can be converted to a 

nucleoside analog useful as a pharmaceutical, product according 

to the method described in^ for exainple/ EP6S6v778. 

[00391 
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The present invention is explained in detail in the 
following by referring to Examples, The present imrent ion is 
hot limited by these exaitiples- 

5 lExamples] 
Sxas^le 1 

(1) Synthe sis of 9-acetyI-2 -a min:Q-6- chl QrQpurine 

2"Bmino-6-chloropurine {15D 0.89 moi) and acetic 
anhydride (108 g, 1.06 xaol) were added to M/N-dimethyiacet amide 
(350 ml) , and the; mixture was heated to 50 - 60^C and stirred 
for 4 hr , The reaction mixture was cooled nnd filtrated- The 
Obtained crystal s were vjashed with isopropanol (400 mi) and 
dried at 8Q^C mider reduced pressure to give 9-acetyl--2--aisinp--' 
€-chl6ropiirine as a pale -yellow powder (187 yield 99*0%). 

{4Q\ymZrIMS-Q-d^} 5^ .2 , 83 (s , 3H) l . 25 (brs .^Hj ^ 8 . SS fS-^.lH| . 
^^C-MMR (100MHs,IMSO-d^) 6^ 24,65, 124.02^ i39>73, 150,09, 
I52>89, 160.13, 167,69. 
[0041:1 

(2) Syhtheais of 2, 6-dichloropurine 

9«acet:yi^2-amino--'6- ( 0*50 2 . 36 iioitbl) ^ 

dichlorodlmethylsllane {1,01 7.80 itanol) ;? tstraethylamonium 
chloride (0.Q25 g, 0.15 lamol) and isoamyl nitrite (0,42 g> 3.54 
imnol) were added to heptane [A ml}/ and the. mixture was heated 
to- 5.0 - 60^G and .stirred- for 14 hr* After thiB co:mpl:etion^ of 
the- reaction:/ the -mixture was f iltrated. The obta..ined. crystals- 
were diluted with v^ater (4 .0 i^) ^ and the mxtore was adjusted 
to pH 4 5 with a 214 aqueoUvS sodium hydroxide SGliitlon, After 
aging under ice-cooling for 1 hr^ the mixture was fiitrated/ 
and the obtained crystals ^^^ere dx-ied under reduced pressure at 
80^C to give a white powder (0^/31 g./ yieid 73..-8%.i. of 2^6- 
di ch 1 o r opu r ine . 
melting, po int : 1.84-'l B&C 

^•H-mR{4aM2;>DMS 5-8 .7-4-(s.,.lH>y 14.15{s^ iH) - 
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'^C-mm iiOGMRz , IMSO-ds) S^12 8 . 35, 147 . 1 6/150 . SB, 155 . 93 . 
[0042] 

Synthesis ot 2 f 6-<^ichlor Qpurine 
^ The obtained 9"--Acetyl--2"a:Hiino~6-chioropur^^ (0.50 

2 •36 imttol) Y tetraethYiammpi^iim {D>C^25 g, 0*15 jpaol) 

and isoamyl nitrite (0.42 3*54 stmdl) were added to 
chlorotrlmethylsilane {4.0 3 6.8 mmol)^ and the mixture wa^ 
heated to :50: — e-O^^G and .^stirred for 10^ hr. After the 
coHpletion of the reaction^ the mi>^t\are was filtrated. The 
obtained Grystals were diluted with water {4.0 ml) ^ and the 
mixture waa adjusted to pH 4 5 with a 2M aqueous sdditm 
hydroxide solution. After aging iinder ice--cooling for 1 hr^ 
the miKtiire -was flltr^ted^ and the obtained crystals were dried 
under reduced pressure at 8 6^C to give 2, 6-dichloropurine as a 
white powder {0v3S yield 78/3%). The properties of the 
obtained confound were the same as in Exas^pie 1{2). 
[00433 

Synthesis o t 2r S-dichloropurlne 

9~Acetyi--2-~amiXio--'6^chlorop^^^^ (2*50 g> ll,8 inmol)r 

dlchlorodimethylsilane (4.57 35.4 Hmioi) , 

ben It riethyl ammonium Ghloride (0.16 g, 0.70 mmol) and isoamyl 
nitrite {2-07 17.7 mmol) were added to o-dichlorofoen^ene (10 
ml), and the mixture was heated to 25 - 30^C and stirred for 8 
hr; Aftei: the completion of the react ion^ the inixture was 
filtrated* The obtained crystals were diluted with water H«0 
xoi) , and the reaction laixture Was added dropwise to 2M aqueous 
sodiim hydroxide solution \2Q ml) and partitiQned, The aqueous 
layer was adjusted to pH 4 - 5 with 35% hydrochloric aeld. 
After aging, under i:ce--co-oling for. 1 hr, the. inixture was 
filtrated:., and the .obtained crystals were -dried under reduced 
pressure at 80<=C to give 2> 5-'dichloropurlne as a white powder 
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(1, 62 yield 72 . 51) * The properties of the obtained coi^ipQUiid 
were the: same as in .Exampi^ 1 {2) . 
10044] 

^ Synthe sis of 2 y 

2-toino--6--chlarop\iriii^ (5* 00 29.5 ininol) ^ 
dichlorodimethyls^ilarie { 11 * 42 88 . 5 iftmol) > 

fosnsyltriethylairstioni^^^ cliloride (0,40 1, 8 inmDr) and isoamyl 
nitrite {5*18 g> 44*2 imol) were added to heptane {25 ml) ^ and 
the mixture was heated to 50 60^C and stirred for 17 hr. 
After the coEipietion of the readtion, the mixture was filtrated. 
The obtained crystals were dilixted with water (25 ml) arid 
adjusted to pH 4 5 with a 2M aqueous sodiimi hydroxide 
solution, After agiiig under ice--CDoling for 1 hr^- the mixture 
was filtrated^ and the obtained crystals were recrystallized 
from methanol . The mixture was dried under reduced pressure at 
60^G to gi\re 2/ 6-dichloropHrine as a white powdar {3.68 
:yueld 66*1%);. The properties of the obtaitied compound were the 
same as in Example 1 (2} . 

|Ef f act of the In^rention] 

According to the present im^ention^ the objectxw 2^ 6-- 

dihalopiirine can be. produced conveniently in a. high yield and 
ea s i 1 y i s o 1 at e d * 
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.[Siiiimaryl 

Iprobleml Production of 2, e-cilhalopurin^ of the formula III] 
a higher yield/ whicfe can aehiev^e a conyenxent and easy 
isolation of the object product- 

iSolving Maans3 A compduiid of the formula [la] or [lb] is 
reacted with a halosllane compound and aii agent for a diazo 
reaetiori 




U^l [lb] [11] 

wherein each symbol is as defined in the specification- 
CMain Drawing] none 



15 



